Mechanical activities of the retractor pharynx muscle of the snail,studied by BOZLER (1930) and ABBOT & Low(1958) (1960) have suggested that the fast potential is a muscle action potential and the slow potential is probably a neuromuscular junctional potential(n.j.p.). This paper will therefore deal with the investigation in which the relationship between electrical and mechanical responses of this muscle was studied in order to clarify the above problem.
METHODS
Nerve muscle preparations of the retractor pharynx muscles (RAMSAY,1940) of Euhadra herklotsi hesperia,weighing 20-43 mg,were used throughout this experiment. The recording method of the electrical response of the muscle was the same as that adopted by SATO et al.(1960) .The muscle was mounted horizontally in a perspex chamber,consisting of two to four compartments,insulation of which was secured by petroleum jelly.In order to stimulate the muscle indirectly the nerve was suspended on two silver wires and was covered with petroleum jelly as far as its ently into the muscle.Recording of the electrical response of the muscle was made from a pair of compartments through Ag-AgCl wires.The mechanical response was recorded isometrically by a RCA 5734 transducer tube (FIG.1 effect on the test electrical response, and therefore the test shock did not produce the electrical response from about 70 msec to 400 msec after the conditioning shock, the mechanical response being just the same as that by conditioning shock alone(FIGS.7 and 10).However,when the test shock was delivered to the muscle less than 70 msec after a conditioning one, the mechanical response clearly showed a facilitation(FIGS.7 and 10).When stronger shocks were employed, there was hardly any depression of the test electrical response, but facilitation of the mechanical response was prominent(FIGS.8 and 10).The most marked facilitation was observed at an interval of 20-60 msec and the optimal interval was smaller in the case of weak stimulus than when strong stimulus was used. Facilitation of mechanical response was also seen when the distal end of the retractor muscle was stimulated with a pair of pulses. An example is shown in FIG.9 ,in which the responses were produced by applying weak stimuli to the muscle directly.In the case of weak stimuli electrical responses were summed, but,when strong shocks were used,summation of responses was not observed (SATo et al.,1960) . In  FIG.9 ,a,the mechanical response was hardly produced by a single weak direct stimulus, but double shocks produced mechanical response. This facilitation of the mechanical response becomes larger with decreasing interval of two stimuli, the maximal facilitation lying at about 20 msec interval (FIG.10) to the muscle about 50 msec apart, the response to the two shocks is very much more than double the response to either alone.
Repeated stimuli When the retractor pharynx muscle was stimulated by two successive shocks, a facilitation of the mechanical response was observed as described above.Therefore the effect of repeated stimulation on the electrical and mechanical responses was examined.The left photographs in FIG.11 illustrate the effect of repetitive indirect stimulation of the nerve with a just suprathreshold strength.They clearly show depression of the succeeding electrical responses which continues for about 300 msec after the first response (FIG.11 (FIG.11,B) ,but the responses become summed when the frequency is increased.Strong indirecL repetitive stimuli did not produce complete depression of the electrical response,but the magnitude of the succeeding responses becomes gradually smaller (FIG.11,right) .Mechanical responses show summation and develop a large tension,the higher stimulus frequency showing the higher rate of tension rise.When the muscle is stimulated repetitively through its nerve with moderate strength to produce n.j.p.s but not to show depression,each n.j.p.s are not only summed but also they are potentiated (FIG.12) .The maximum of this potentiation is seen with 50/ sec stimulation.The contraction of this muscle is facilitated by repetitive stimuli:The onset and rate of tension development seem to depend on stimulus frequency (FIG.12) .
In FIG.13 ,a,where the muscle was stimulated directly by a just suprathreshold shock,the electrical response was hardly noticeable except for small and slow downward shift of the baseline.However,by repeated shocks of the same strength (FIG.13,b )the electrical responses were summed gradually and, when it reaches a certain level,the muscle produced a large diphasic potentials and showed strong contraction. smaller and the mechanical ones showed summation and facilitation as in the case of indirect stimulation (FIG.13) .When the muscle was stimulated repetitively with such a stimulus strength as to produce n.j.p.s only, summation and potentiation of n.j.p.s was also seen as in the case of indirect stimulation, but they were not as prominent as those by indirect stimulation(also see FIG.12 ). The muscle did not show the fatigue by indirect repeated stimuli of 2/min, but with a frequency of 6/min,the strength of individual contraction became smaller about 4 minutes after the onset of stimulation and,10 minutes after, the contraction became very small in spite of the very constant electrical response.The summed contraction height became increased up to 50/sec, and then it gradually decreased with further increase in the frequency of stimuli. When the muscle was stimulated with repetitive stimuli of more than 5/sec, the muscle was not able to maintain its electrical activity,the response becoming suddenly small,and after the rest of 20-50 sec the muscle showed recovery.Such alternated activity of the muscle is shown in FIG.14.With a further increase in the stimulus frequency,the declined response did not recover,and the small response is remained.The mechanical event of the muscle keeps in pace with the electrical response as seen in the same figure.
Large contraction,which was neither related to direct stimulation,nor depended upon the spontaneous contration of the retractor pharynx muscle (FIG.15, (FIG.13) ,and this suggests a very diffuse innervation of the muscle, which has in fact been shown by a histological study (OzEKI,unpublished) .It is therefore reasonable to suppose from above results that,in the retractor muscle when a nerve impulse arives at neuromuscular junction,the n.j.p.is produced first and it initiates the muscle action potential as in the case of the skeletal muscle,but the difference in these two types of muscles seems to be attributed to difference of innervation. Potassium contractures in single muscle fibres of the frog are associated with a fall in the membrane potential change,the tension increases logarithmically with a decrease in the membrane potential (HODGKIN  & HOROWICZ,1960) .On the other hand in the case of smooth muscle,Sphinctor pupillae of rabbit,the membrane potential was inversely related to the tension (BULBRING,1955) .In the present experiment the electrical response is proportional to the logarithm of the tension.In both indirect and direct stimulation of the retractor muscle the responses are divided into two groups.This is illustrated from the result that there are two straight line relationships of different gradient between electrical and mechanical responses,and therefore the muscle contracts by two excitable steps.When the intensity of the stimulus is weak,it only produces n.j.p.and small tension development(the small response group in FIG.6) ,and only when the muscle produces large fast potentials(action potentials)and large mechanical responses by strong shocks,the excitation conducts through all parts of this muscle(the large response group in FIG.6 ).
When the muscle produced n.j.p.by indirect repetitive suprathreshold stimuli,summation and potentiation of n.j.p.s were maximum at 50/sec (FIG,  12) .This frequency produced maximum contraction by strong stimulus strength, too (FIG.14) .When double shocks were applied to the muscle directly or indirectly,optimal facilitation of the mechanical response was seen with the interval of 20-60 msec.This is in agreement with the interval by which the highest summed contraction of the response was produced by repetitive stimuli. In the slow muscle fibres of a frog an indirect repetitive stimulation of 40-50/ sec develops a maximum tension of several grams which can be maintained for many minutes and the stimulus of higher frequencies speeds up the rate of tension rise (KUFFLER & WILLIAMS,1953) . BURNSTOCK & HOLMAN(1961) ,with the isolated guinea pig was deferens supplied by the hypogastric nerve,have found that the over-all-rate of the depolarization of junction potential increased with increasing frequency of indirect stimulation,but reached a maximum at 50/sec.BROWN,DAVIES & GILLESPIE (1958) reported that the output of transmitter per second reached a maximum at a frequency of 50/sec in the spleen of cat.These facts are in accord with the present experimental results and may account for the finding that the summation and potentiation of the n.j.p.s reach a maximum at a frequency of 50/sec.In other words,if n.j.p.s are produced by a certain chemical transmitter which is secreted at the nerve terminal,that secretion may be most strongly activated by repetitive indirect stimuli of 50/sec.
It has been shown that the action potential was blocked for a few ten seconds during repetitive stimuli of 5-10/sec even though strong stimuli were used,and that smaller potentials,which are likely to be n.j.p.s,remained alone. The explanation of this phenomenon is:The accumulation of chemical transmitter in neuromuscular junction may not be enough to produce n.j.p.s of a sufficient magnitude to maintain the action potential for a long period during which the transmitter may be exhausted in the neuromuscular junction,but after a while it recovers and therefore the action potentials are again produced.
